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New solar utilizability correlations for solar collectors with apertures at various 
orientations are developed. These correlations use the functional form introduced 
by Klein/Theilacker and an Aperture Configuration Ratio descriptive of the collec-
tor's aperture arrangement. Various glazing areas and aperture orientations were 
considered in several climates. Good accuracy is found for the new correlations 
which can be used for thermal collector performance prediction as well as sensible 
cooling load calculation. 
1 Introduction and Literature Survey 
The solar utilizability for multiple-aperture passive systems 
is introduced in this section. A paramaeter called the Aperture 
Configruation Ratio (ACR) is defined and expressions for 
monthly-averaged solar utilizability are provided as a function 
of the ACR. 
The concept of solar utilizability has been under investiga-
tion since 1953. It was first introduced by Whillier [4] then ex-
panded by Liu and Jordan [5]. Monthly-averaged, daily solar 
utilizability correlations were developed for flat plate and con-
centrating solar collectors, respectively, among others by 
Klein [1] and Collares-Pereira and Rabl [6]. Annually-
averaged, daily correlations were also investigated by Gordon 
and Zarmi [7]. 
A study by Huget [8] introduced a semi-analytical solution 
for monthly-averaged, hourly utilizability suitable for com-
puter implementation. Clark et al. [3] introduced simplified 
correlations for evaluating the monthly-averaged, hourly 
utilizability. 
In this paper the work done by Klein [1] and later revised by 
Theilacker [2] is used as the basis for monthly-averaged daily 
utilizability <j> derivations for multiple-apertures solar systems. 
2 Utilizability for Single Aperture 
The utilizability concept for a single aperture has been 
studied by many researchers and long-term averaged correla-
tions are available for evaluating the utilizability function at 
different time scales (i.e., hourly, monthly, annual) and at dif-
ferent azimuth angles. Of interest to the present study is the 
work done by Klein [1] and later revised and completed by 
Theilacker [2] who provided monthly-averaged, daily <$> cor-
relations for planar apertures facing the equator or due east or 
west of the equator. 
Pertinent also to this study is the work done by Clark et al. 
[3] who provided monthly-averaged, hourly ^-correlations for 
flat-plate apertures at any azimuth angle. 
2.1 Hourly Utilizability. The monthly-averaged, hourly 
utilizability <j> is defined as the fraction of the long-term, 
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monthly-averaged hourly solar radiation incident on a surface 
which exceeds a specified critical level of intensity (Icr) for a 
specific hour in a given month. In equation form, for any hour 





where I,>c is the hourly radiation incident on the collector sur-
face; /^max and IT,mm
 are> respectively, the maximum and 
minimum observed value of It/, Icr is the critical radiation 
level; and P(J,iC) is the long-term radiation frequency distribu-
tion for the given hour. 
Equation (1) can be rewritten in a summation form for each 
hour, as 
LrEN(Itc_Icr) + 
- r _ % c 
(2) 
where N is the number of days in the month and Y is the 
number of years of data for which <j> is evaluated. IUc here is 
interpreted as the total hourly solar flux on the fixed collector 
aperture taken at the same hour of each day for the given 
month. 
4> is a statistical parameter representing the long term, 
monthly average solar utilizability for each hour of the 
average day of a month. Clark et al. [3] provides an algorithm 
for calculating monthly-averaged, hourly <j> from standard 
meteorological data. 
The method developed by Clark et al. [3] uses the corela-
tions develped by Liu and Jordan [9] for hourly distributions 
of solar radiation which were later completed by Collares-
Periera and Rabl [10]. The long-term, monthly-averaged, 
hourly solar radiation is correlated to the monthly-averaged 
daily solar radiation through two empirical parameters r, and 
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I, = the monthly-averaged, hourly, horizontal, global, 
solar radiation, [KJ/hr-m2] 
Id = the monthly-averaged, hourly, horizontal, diffuse 
solar radiation [KJ/hr-m2] 
Hd = the monthly-averaged, daily, horizontal, diffuse solar 
radiation [KJ/day-m2] 
HH = the monthly-averaged, daily, horizontal total global 
radiation [KJ/day-m2] 
Expression for the parameters rd and rT are given in [10]. 
The long-term, monthly-averaged, hourly utilizability 4> is 
given by Clark et al. [3] for any azimuth angle as: 
0 i f X c > ^ , „ 
$ = {\-Xc/Xm)
2xiXm = 2 (5) 
I la I - [a2 + (1 + 2a)(l -Xc/Xm)
2]l/21 otherwise 
where Xc = Icr/ItiC (the dimensionless hourly critical intensity 
ratio), a = (Xm - l ) / ( 2 - X m ) and Xm=ITimix/Ilc (the dimen-
sionless hourly maximum intensity ratio [3]); IUc is the 
monthly-averaged hourly solar radiation incident on the col-
lector aperture 
2.2 Monthly-Averaged Daily Utilizability. The monthly-
averaged, daily utilizability 4> is the fraction of the monthly 






where sr and ss are the sunrise and sunset hour angles, 
respectively. 
The denominator term in equation 6 is the total solar radia-
tion incident on the solar aperture and can be expressed as 
HhRN. 
The utilizability 4> is often used to find the monthly-
averaged useful energy Qu produced by a solar thermal collec-
tor: 
Qu=FRf,0Alc]>N 
where FR is the heat removal factor (15), ij0 is the monthly 
averaged optical efficiency, A is the collector aperture area 
(gross or net in accordance with the basis for T)0), IC is the 
monthly averaged collector plane insolation and AT is the 
number of days per month. 4> can also be used to find the 
"non-useful" part of incident solar flux, a quantity used to 
find monthly-averaged sensible cooling loads, for example 
[14]. 
Theilacker [2] provides correlations for evaluating $ from 
solar and climatic data for planar apertures facing either the 
equator, due east or due west. The general form of this model 
for evaluating <j> (as a function of time of the year, location, 
orientation, and aperture tilt angle) used successfully in [2] 
was selected for the basis of the present work: 
0 = EXP [(-4) (Xc + CX2) 0) 
where 
A = a0 + al'KT + a2'Kr (7«) 
B = bo+b^Kj + ^'K2, {lb) 
C = Co + Ci'Kr + Ci'Kr (7c) 
a0. . ,a2, b0. . .b2, c0. . .c2 are the correlation coefficients 
which are functions of aperture azimuth. 
Rn = the ratio of the monthly-averaged radiation incident 
on an inclined surface to that on a horizontal surface 
at noon evaluated at a solar aperature azimuth angle 
of 0 deg. 
R = the ratio of the monthly-averaged daily total radia-
tion on a tilted aperature to that on a horizontal sur-
face evaluated at the aperture azimuth. 
= the monthly dimensionless critical intensity ratio 
defined as the ratio of the critical intensity to the 
monthly-averaged hourly solar radiation incident on 
the inclined surface at noon, evaluated at a surface 
azimuth angle of 0 deg 
J\r = ~ (8) 
Theilacker [2] provides the correlation coefficients a0. . .a2, 
b0. . .b2,c0. . .c2 for single azimuth angles of 0 deg and ± 90 
deg. He also provides them for shaded vertical surfaces, with 
shading overhang, facing the equator. 
Note that equation (6) can be expressed as a function of 
monthly-averaged hourly utilizability, regarding the integral, 
by a sum of hourly values 
month „ 
E E Itcdt 
(9) 
This form of the monthly-averaged daily utilizability as a 
function of monthly-averaged hourly utilizability is useful in 
dealing with multiple apertures at different orientations, as 
discussed in the next section. 
3 Utilizability for Multiple-Aperature Solar Collectors 
A multiple-aperature solar collector is an enclosure which is 
subject to solar gain through more than one aperture facing 
different directions, in general. In this respect a building can 
be considered as a large low temperature solar collector where 
the windows represent the collector apertures. 
This concept was used by Monsen [11] in developing the 
utilizability method for the performance analysis of two 
passive solar systems. In that method the solar fraction was 
correlated to the utilizability function and the building ther-
mal performance. However, only south-facing apertures were 
considered to be the solar collecting elements of the building 
envelope. Since no 4> correlations were available for multiple 
aperture systems, Pratt [12] suggested a method to extend the 
utilizability design method to include multiple solar apertures. 
However, no closed-form correlations were provided for the 0 
functions and the methodology required cumbersome 
computations. 
In this paper closed-form correlations for multiple aperture 
solar collectors (e.g., buildings) are provided as a function of 
solar parameters and the geometry of the building. 
3.1 Approach. In a multi-aperture solar collector, the 
hourly solar input into the enclosure, through the different 
collecting elements, can be well represented by a single solar 
input occurring through an equivalent single aperture that has 
exactly the same solar geometric characteristics as the sum of 
all the present apertures. In this approach, the solar 
characteristics of the equivalent single aperture are an area-
times-energy weighted average of the corresponding solar 
characteristics of the individual apertures in the solar 
collector. 
Monthly-averaged, hourly utilizability can then be com-
puted for the equivalent single aperature using the correlations 
developed by Clark et al. [3]. By integrating hourly results 
throughout the day, daily utilizability can be computed (equa-
tion (9)) for any collector configuration and critical solar in-
tensity level. 
Furthermore, monthly-averaged daily <f> correlations can be 
investigated for any multiple-aperture collector configuration 
by examining monthly-averaged hourly computations at 
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several critical intensity levels. It was found in this study, that 
six specific multiple-aperture collector configurations can well 
represent all possible combinations of south and east/west 
azimuth-apertures. 
Clark's algorithm can be used for the present work for two 
reasons. First, it does not include any incidence angle depen-
dent parameters, such as the collector optical efficiency. 
Therefore, it recognizes incident solar flux, only, not the posi-
tion of the sun nor any secondary effects of incidence angle. 
As a result it can be used for an aggregate of surfaces of 
various orientations since it applies separately to surfaces at all 
azimuth angles [3]. The aggregate or equivalent hourly 
utilizability is defined as 
_ [(.AeIe+AsIs + AwIw)-(Ae +AS +Aw)Icr)+ 
AeIe + ASIS +AWIW 
where e, s, and w denote cardinal directions of east, south, 
and west. <f> can be found either from its definition (I—Icr)
 + /I 
by using climatic data or from Clark's expressions based on 
climatic data. This aggregation does not affect any of the 
parameters in Clark's 4> expression. 
Second, since Clark's method is based on 61 years of 
SOLMET data for a wide range of climates, and represents 
SOLMET results accurately, it must give accurate results in 
the present application. This algorithm has been used for that 
reason here. 
The multiple-aperture collector geometry can be well 
characterized by an arithmetic relationship between the dif-
ferent solar apertures. In fact, excluding the solar gains occur-
ring from north facing apertures, a collector configuration can 
be represented by the ratio of west and east aperture areas to 
the total area of all apertures, excluding north. 
This ratio will be referred to as the Aperture Configuration 
Ratio: ACR. 
East + West facing aperture areas 
ACR = — (11) 
East + West + South Facing aperture areas 
That is, 
- ACR = 0.0 if all apertures are south facing 
- ACR =1.0 if all apertures are east/west facing 
- 0.0< ACR< 1.0 for all other configurations 
It was found that six typical values of ACR can parameterize 
the 4> function for all possible combinations of east/west and 
south facing apertures in a multiple-aperture solar collector. 
Note that 
R = (1.0-ACR)'Rs + ACR>Re/w (12) 
where the subscripts s and e/w refers to south and east/west 
orientations, respectively. 
3.2 Monthly-Averaged Daily ^-Correlations for Typical 
Multiple-Aperture Solar Collectors. Six typical values of 
ACR were chosen, namely ACR = 0.0, 0.2, 0.4, 0.6, 0.8, 1 and 
$ correlations were developed by regression for each ACR us-
ing equation (7). 
In this model the 4> functioon is represented by a matrix of 
correlation coefficients, i.e., A = (a0,a[,a2) B = (b0,bl,b2), 
C=(cQ,clt c2) where the vectors A, B, C are dependent on the 
azimuth angle of the collector. 
Theilacker [2] provided these vectors for two azimuth angles 
i.e., apertures facing the equator and apertures facing due east 
or due west. 
In this work, the matrix of correlation coefficients was com-
pleted to include multiple-aperture solar collectors as il-
lustrated by Table 1. 
Hourly 0-values [3] were used to generate the monthly-
averaged, daily 4> for ten different United States locations 
(Table 2) using a range of I„ between 20 and 425 w/m2 for the 
Table 1 Matrix of Correlations Coefficient for 0 
0 - Correlations Vectors 
ACR A = {a^a^a2) B = (b0,bub2) C = (c0,Ci,c2) 
0.0 Provided by Theilacker [2] for south facing apertures 
0.2 
0.4 Provided by the present work for multiple-aperture 
0.6 solar collectors 
0.8 
1.0 Provided by Theilacker [2] for east/west facing 
apertures 
Table 2 Locations Used for ^-Correlation Generation 
Phoenix, AZ Jacksonville, FL Oklahoma City, OK 
Red Bluff, CA Grand Island, NE Columbia, SC 
Denver, CO Albuquerque, NM Dallas, TX 
Washington, DC 
.20 .30 .40 .50 .60 .70 .80 .90 
Fig. 1 Monthly solar utilizability prediction by hourly model [10] versus 
correlations from Table 3 (ACR = 0.0) 
.20 .30 .40 .50 .60 .70 .80 .90 
Fig. 2 Monthly solar utilizability prediction by hourly model [10] versus 
correlations from Table 3 (ACR = 0.6) 
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Table 3 Matrix of correlation coefficients for typical values of ACR (North-South main 
axis) 
Correlation ACR = 0.0 ACR =0.2 ACR =0.4 
Vectors 
a„ 5.177 1.526 2.748 
A a, -14.373 -8.130 -11.259 
a2 10.396 9.377 10.924 
b0 -6.628 -3.246 -4.452 
B b1 14.093 8.501 11.653 
b2 -10.110 -9.418 -11.003 
c0 -1.001 -4.510 -1.375 
C C[ 3.305 5.018 4.533 
c2 -1.390 -2.293 -1.385 
R.M.S.: ±1.06 +0.88E-2 ±0.68E-2 
Max Error: +3.37E-2 +2.71E-2 +2.13E-2 
* EF, WF respectively east and west glazing fractions. 
.20 .30 .10 .50 .60 .70 .80 .90 
Fig. 3 Monthly solar utilizability prediction by hourly model [10] versus 
correlations from Table 3 (ACR = 1.0) 
months of the cooling season (i.e., April through October). 
(The work of which this was a part dealt with cooling season, 
sensible load calculation; however, results in Section 3.3 show 
that the </> equations apply equally well for the entire year). 
Then the results were correlated to the monthly-averaged 
solar parameters R, Xc, R„ and the monthly averaged 
clearness index KT. A nonlinear, multi-parameter regression 
analysis computer program was used to find the vectors A, B, 
and C. 
3.3 Results and Validity of the Correlations. Monthly 
averaged </> correlations were developed for different values of 
ACR as shown by Table 1 (ACR = 0, 0.2, 0.4, 0.6, 0.8,1.0). In 
each case the south glazing fraction is equal to (1 - ACR) and 
the west and east glazing fractions were taken to be equal (i.e., 
east fraction = west fraction = ACR/2). Two additional 
limiting cases were investigated for the case where ACR = 
1.0: Case 1-east fraction = west fraction = 0.5; Case 2-total 
glazing is on either east or west azimuth. Ten critical levels of 
intensity were considered, i.e., Icr = (20, 65, 110, 155, 200, 
245, 290, 335, 380, 425 W/m2) and only values of <£>0.20 
were used. 
The values of these four parameters typically varied for the 
ten locations as follows: 
4> : 0.20-0.95 
KT : 0.48-0.77 
ACR = 0 . 6 ACR = 0 . 8 ACR = 1 . 0 













































Table 4 Comparison of hourly results with results from monthly cor-
relations for unequal distribution of east and west aperature area 
MEDFORD, OR South f r a c t i o n = 1-ACR 
Eas t f r a c t i o n = 2/3 ACR 
West f r a c t i o n = 1/3 ACR 
Month 
A p r 
May 
J u n 
J u l 
Aug 
S e p 





1 1 0 
1 5 5 
2 0 0 
2 9 0 
3 8 0 
ACR = 
•H 
. 9 3 
. 7 8 
. 6 6 
. 5 5 
.4 8 
. 3 7 
. 2 4 
0 . 2 
+M 
. 9 3 
. 7 8 
. 6 4 
. 5 5 
. 4 8 
. 3 6 












. 9 3 
. 7 9 
. 6 5 
. 5 6 
. 4 7 
. 3 2 
. 18* 
ACR = 0.6 ACR = 0 .8 
A p r 
May 
J u n 
J u l 
Aug 
S e p 




































- 4>ff, ijtfof are respectively monthly averaged <i> from hourly 
results (Eq. 5) and iM new from correlations developed. 
R„/R : 0.71-1.61 
Xc : 0.03-1.05 
Table 3 provides the matrix of correlation coefficients for the 
selected values of ACR. The standard deviation between 
values generated from the hourly calculations and the new 
monthly correlations varied between 0.68 and 1.16 percent; 
the absolute values of the maximum errors found varied be-
tween 2.07 and 5.03 percent. 
Figures 1 through 3 are scatter plots of the new monthly 4> 
correlations versus the hourly results for all locations in Table 
2 for each ACR value considered. The accuracies of the cor-
relations shown are quantified in the tables which follow. 
The functional form (equation (7)) used by Klein [1] and 
Theilacker [2] was chosen for the multiple aperture utilizabil-
ity function in order to insure continuity with the previous 
work. This will provide the user with a familiar model which is 
easy to apply. The degree of precision obtained by this model 
was excellent as illustrated by Table 3. 
The validity of the correlation was also investigated for 
cases not considered in the derivation of the matrix of correla-
tion coefficients. Three general cases were investigated: 
Journal of Solar Energy Engineering FEBRUARY 1987, Vol. 109/55 Downloaded From: https://solarenergyengineering.asmedigitalcollection.asme.org on 06/28/2019 Terms of Use: http://www.asme.org/about-asme/terms-of-use
Table 5 Comparison of hourly results with results from monthly cor-
relations for limiting cases of ACR 
PHOENIX, AZ 
Month I [W/m2 
ACR = 0.29 ACR = 0.31 
(0.2 correlation) (0.4 correlation) 
Apr 
May 
J u n 







































ACR - 0.41 ACR = 0.51 












































- rj>jf, (f>M are respectively monthly averaged <j> from hourly 
results (Eq. 5) and 0 from correlations developed. 
Table 7 Comparison of hourly results with results from monthly cor-













































































































~ 0 / / , </>jvf are respectively monthly averaged <£ from hourly 
results (Eq. 5) and $ from correlations developed. 
Table 6 Comparison of hourly results with results from monthly cor-
relations for limiting cases of ACR 
RED BLUFF, CA 
[W/u 
ACR = 0.29 ACR - 0.31 

























































ACR = 0 .49 ACR - 0 .51 





























- j>jf, $M are respectively monthly averaged j> from hourly 
results (Eq. 5) and </> new correlations developed. 
Cases #1. Validity of correlations for east/west distribu-
tions other than 50%/5Q°?o, i.e., cases where non-south glaz-
ing is not equally distributed over the east and west apertures. 
For this purpose a distribution of 2/3 on east and 1/3 on west 
was assumed and the model was tested for Medford, or at 
ACR = 0.2, 0.4, 0.6, 0.8. The agreement between the hourly 
results and the monthly results was very good. This good 
agreement is as expected due to the assumed symmetry of in-
solation about noon. Table 4 provides extracts of these results. 
Case tt2. Validity of correlations at ACR values other than 
the typical values, i.e., at other multiple aperture collector 
area ratios. For the purpose of this validation the models were 
tested at limiting cases of ACR using the correlations for the 
closest adjacent ACR domain. Four cases were considered: 
ACR = 0.29, 0.31, 0.49, 0.51 and the model was tested for 
Phoenix, AZ, and Red Bluff, CA. 
The correlations used were as follows: 
@ ACR = 0.29 correlations for ACR = 0.2 were used 
" ACR = 0.31 correlations for ACR = 0.4 were used 
" ACR = 0.49 correlations for ACR = 0.4 were used 
" ACR = 0.51 correlations for ACR = 0.6 were used 
The agreement between hourly results and results from 
monthly correlations developed was also satisfactory, in-
dicating that linear interpolation between tabular ACR values 
used to develop the correlation is valid. Tables 5 and 6 extract 
results for the two locations at different critical intensity 
levels. 
Case #5. Validity of correlations for months other than the 
months of the cooling season for which the correlations were 
developed. For this purpose the models were tested for the re-
maining months (i.e., November through March) for two 
lcoations and two collector configurations at different critical 
intensity levels. 
Table 7 shows results for Phoenix, AZ, and Red Bluff, CA, 
for ACR = 0.31 and ACR = 0.51. 
The agreement between hourly results and results from the 
monthly correlations developed was again satisfactory, even 
for values of 4> < 0.20 which were not considered in the 
derivation of the correlation coefficients. 
3.4 Monthly-Averaged Daily ^ Correlations for Multiple 
Aperture Solar Collectors on Southeast/Southwest Axis. The 
techniques explored in the previous sections are extended to 
include multiple solar apertures located on a south-east/ 
southwest axis. Many passive solar designs—due to street 
orientation or terrain relief—use apertures that can be up to 45 
deg east and/or west of south. The following correlations are 
to be used in such cases. 
The aperture configuration ratio is defined as follows: 
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Table 8 Matrix of correlation coefficients for typical values of ACR (Southwest-Northeast 
main axis) 
Corre l a t i o n 














Max E r r o r : 
ACR = 0. 
0 .636 
- 0 . 9 53 
0 .186 
- 1 . 1 8 8 . 
- 2 . 3 0 0 
2.109 
- 0 . 3 2 0 
1.999 






ACR = 0. 
- 0 . 0 1 5 
1.169 
- 1 . 3 0 1 
- 0 . 8 1 4 
- 3 . 4 2 7 
2.890 
- 0 . 5 8 7 
2 . 8 9 3 






ACR = 0 . 
- 0 . 2 5 7 
1.614 
- 1 . 3 3 1 
- 0 . 8 4 2 
- 3 . 0 1 7 
2.426 
- 0 . 8 6 2 
3 .534 






ACR = 0 . 
- 0 . 8 5 5 
2 .854 
- 1 . 7 6 3 
- 0 . 6 0 4 
- 3 . 1 5 5 
2.130 
- 1 . 1 5 7 
4 . 1 9 6 






ACR - 0. 
- 0 . 9 7 2 
2 .252 
- 0 . 5 0 8 
- 1 . 1 8 0 
- 0 . 2 8 6 
- 0 . 8 9 8 
- 2 . 5 3 7 
8 .532 








- 2 . 4 2 8 
5 .466 
- 1 . 8 3 9 
- 0 . 0 8 9 
- 2 . 2 4 9 
- 0 . 6 0 9 
- 2 . 7 9 7 
9 . 1 2 8 
- 5 . 0 4 0 
+0.87E-2 
- 2 . 58E-2 
- 1.0 
SW o r SE=1.0 
- 4 . 5 0 1 
8 .686 
- 4 . 0 2 0 
2.084 
- 5 . 8 5 6 
- 1 . 7 2 1 
- 1 . 6 6 3 
5 .335 
- 3 . 6 9 7 
U . 0 8 E - 2 
- 3 . 8 4 E - 2 
SH,SE respectively southwest and southeast glazing fractions. 
ACR = -
southeast and southwest facing apertures area 
(13) 
SE + SW + NE + NW apertures area 
and Table 8 provides the matrix of correlation coefficients for 
the different values of ACR. For glazing orientations not 
multiples of 45 deg from due south, one can linearly inter-
polate </> (not vectors of coefficients) between the two closest 
azimuth angles in Tables 3 and 8. The method can also be used 
for single aperture collectors at one off cardinal direction by 
setting ACR = 1.0 in Table 8. 
3.5 Use of the <> Correlations. The value of 4> from equa-
tions (7) and (12) is used to find Qu for a multiple aperture col-
lector using equation (11) or (13): 
Q« = *N D (FRr,0IcAc) 
surfaces 
(14) 
Its use for cooling load calculations is described in [14]. 
In commercial buildings, cooling systems often are 
"zoned" to provide better internal climate control. The pre-
sent, new expressions for <j> can also be used to find cooling 
loads for zoned buildings by selecting the appropriate values 
for ACR. For example, an east facing zone would use ACR = 
1 while a combination East-South zone with the glazing equal-
ly split would use ACR = 0.5. The only restriction on using 
the present method for zoned building load calculations is that 
zone boundaries are assumed to be adiabatic. 
4 Conclusions 
Accurate expressions for monthly-averaged daily utilizabil-
ity for multiple aperture solar collectors are now available for 
any contribution of south/east/west, southwest/southeast or 
northwest/northeast apertures. These correlations can be used 
as an input to various passive solar heating design methods 
[11] and building cooling load calculation methods [13, 14]. 
The range of <£ spans that are needed for building heating 
and cooling calculations and Icr values were selected for this 
purpose. The expressions for 0 were not designed for use at 
high threshold and may not have the quoted accuracy beyond 
the range noted in Section 3.3. The Klein/Theilacker generic 
expression has been shown to be usable for any azimuth angle 
for the parametric range investigated. 
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